An obstetric anal sphincter injury (OASIS) is a serious adverse outcome of vaginal delivery. [@JR180050-1] The consequences may be lifelong and severe. [@JR180050-2] [@JR180050-3] Any measure to reduce the risk during vaginal delivery should be taken into consideration. Nulliparous women have a relatively high risk of OASIS and, therefore, the potential gain of lowering the incidence in this group is high. Two recent studies from the United States found an incidence in nulliparous women delivering vaginally was 9.7 and 8.3%. [@JR180050-4] [@JR180050-5] The odds ratios (OR) for nulliparity were 4.8 and 2.3, respectively. In a national survey from the United Kingdom, the median incidence of OASIS in a similar cohort was 6.1% in 2009. [@JR180050-6]

Several interventional before and after trials have shown a reduction in the rate of OASIS after implementing a hands-on technique in childbirth. [@JR180050-7] [@JR180050-8] [@JR180050-9] [@JR180050-10] [@JR180050-11] In contrast to this, two recent metanalyses [@JR180050-12] [@JR180050-13] including four randomized controlled trials (RCTs) did not show a benefit of the hands-on technique. [@JR180050-14] [@JR180050-15] [@JR180050-16] [@JR180050-17] Neither the observational studies nor the RCTs document actual adherence to the specific elements of the intervention.

Using a quality improvement framework with documentation of the use of the elements of the care bundle, we showed that it was feasible to implement a standardized hands-on technique in vaginal delivery, thereby significantly reducing the incidence of OASIS from 7 to 3.4%. [@JR180050-18] In the present study, we aimed at analyzing the association between each element of the intervention and the outcome.

Materials and Methods
=====================

In the previously published article covering the quality improvement methodology of the trial, we included descriptive statistics on the adherence to process indicators and the corresponding chronology of the outcome measure. [@JR180050-18] The present study includes original descriptive data on the cohorts before and after initiation of the intervention, and analysis of the correlation among the five different elements of the care bundle and the outcome, including a regression analysis.

Around 2,800 to 3,000 women are delivering in our department yearly. We refer very preterm deliveries (before gestational week 28 + 0) and pregnant women with complicated medical illnesses to a tertiary hospital. Our study cohort included all nulliparous women delivering vaginally (including home births with an attending midwife from our department). The baseline/preintervention period was from January through May 2013, while the intervention period was from June 2013 through March 2015.

The main outcome measure was the incidence of OASIS, that is, grade 3 or 4 sphincter ruptures, as defined in the international classification [@JR180050-19] and in correspondence with the reVITALize definition ( <https://www.acog.org/About-ACOG/ACOG-Departments/Patient-Safety-and-Quality-Improvement/reVITALize> . Retrieved on April 25, 2018). The definition and the ascertainment of a case with sphincter rupture were the same before and during the intervention period. All cases were ascertained and sutured by a doctor in our department.

The intervention consisted of implementation of a bundle of care and a certification process. The bundle of care comprised four elements: (1) communication settled, that is, a shared decision with the woman about not to push when delivering the head of the child to slow down the speed of delivery, (2) visible brim of the perineum during delivery of the head, (3) hand on the infant\'s head to slow down the speed of delivery, and (4) manual protection of the perineum during delivery of the head, facilitating the naturally occurring extension of the head. Thus, we used five process indicators in total, including the certification process in which all midwives and doctors were informed about the project and the intervention and were supervised in the use of it. Process and outcome data were collected prospectively after each delivery. Information on clinical characteristics and outcome data on OASIS from the preintervention period as well as data from women with missing data in the intervention period were retrieved from existing electronic records.

The preintervention and intervention periods were compared with respect to the distribution of cohort characteristics, interventions, and the OASIS incidence using a statistical proportions test. The null hypothesis was that the proportions in the two periods were the same. Finally, we performed a logistic regression analysis using stepwise backward elimination of the least significant elements to identify which, if any, of the five elements of the intervention affected the risk of OASIS. A two-sided *p* -value \< 0.05 was considered the level of significance.

Data were analyzed with Open Epi, version 2.3.1 and R Statistical Software v. 3.2.1 (R Core Team. R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria, 2015. URL: <http://www.R-project.org> ) and graphs were created using the R package qicharts v. 0.2.0 (Anhoej J. QI charts: Quality Improvement Charts. R package version 0.2.0, 2015. URL: <http://CRAN.R-project.org/package=qicharts> ).

The study was approved by the Danish Data Protection Agency (2007-58-0010) while approval from the local ethics committee was not found relevant by the committee (1-10-72-127-13). Patient information was anonymized before analysis. No funding was received.

Results
=======

In the preintervention period, 460 nulliparous women gave birth, and in the intervention period, 2,019. The rates of cesarean birth were 22.8 and 19.7%, respectively ( *p*  = 0.13). Thus, 355 nulliparous women gave birth vaginally in the preintervention period and 1,622 in the intervention period ( [Table 1](#TB180050-1){ref-type="table"} ).

###### Mode of delivery in nulliparous women in preintervention and intervention periods, Herning Regional Hospital, Denmark

  ----------------------------------------------------------------------------------------
  Mode of delivery   Preintervention\   Intervention\   *p* -Value                  
                     *N*  = 460         *N*  = 2,019                                
  ------------------ ------------------ --------------- ------------ -------------- ------
  SVD                                   296 (68.8)                   1,362 (71.3)   0.32

  OVD                                   59 (13.7)                    260 (13.6)     0.94

  CB                 30                 75 (17.4)       108          289 (15.1)     0.23

  Total              30 (6.5)           430 (100)       108 (5.3)    1,911 (100)    0.32
  ----------------------------------------------------------------------------------------

Abbreviations: CB, cesarean birth; OVD, operative vaginal delivery; SVD, spontaneous vaginal delivery.

Registration charts with information on adherence to the bundle of care were collected from 1,594 deliveries (98.3%) and were missing in 28 deliveries (1.7%). None of the missing cases had OASIS. Therefore, they were excluded from the analysis of process indicators but included in the OASIS rate analysis.

None of the characteristics of the cohorts from the preintervention and intervention periods differed, including age at birth, gestational age, birth weight, the incidence of vacuum extraction, and episiotomy. The rate of the different combinations of vacuum extraction and episiotomy did not differ either ( [Table 2](#TB180050-2){ref-type="table"} ).

###### Cohort characteristics in nulliparous women delivering vaginally in preintervention and intervention periods, Herning Regional Hospital, Denmark

  ----------------------------------------------------------------------------------------
  Characteristic             Preintervention\   Intervention\   *p* -Value          
                             *N*  = 355         *N*  = 1,622                        
  -------------------------- ------------------ --------------- ------------ ------ ------
  Age at birth (y)                                                                  

   17--24                    92                 25.9            376          23.2   0.47

   25--29                    166                46.8            763          47.0   

   30--42                    97                 27.3            483          29.8   

  Gestational age (wk + d)                                                          

   26 + 1--37 + 6            25                 7.1             173          10.7   0.21

   38 + 0--39 + 6            113                31.9            520          32.1   

   40 + 0--40 + 6            119                33.6            505          31.2   

   41 + 0--42 + 4            97                 27.4            423          26.1   

   Unknown                   1                                  1                   --

  Birth weight (g)                                                                  

   860--2,999                53                 14.9            297          18.3   0.48

   3,000--3,499              138                38.9            590          36.4   

   3,500--3,999              121                34.1            550          33.9   

   4,000--5,040              43                 12.1            185          11.4   

  Episiotomy                 34                 9.6             136          8.4    0.46

  OVD                        67                 18.9            260          16.0   0.18

  OVD with episiotomy        13                 3.7             44           2.7    0.34

  OVD without episiotomy     54                 15.2            216          13.3   0.35

  SVD with episiotomy        21                 5.9             92           5.7    0.84

  SVD without episiotomy     267                75.2            1,270        78.3   0.21
  ----------------------------------------------------------------------------------------

Abbreviations: OVD, operative vaginal delivery; SVD, spontaneous vaginal delivery.

In the birth population with vaginal delivery and mixed parity, the rate of OASIS changed significantly from 3.5 to 1.9% ( *p*  = 0.004). In the study group of nulliparous women with vaginal delivery, the rate of OASIS decreased significantly from 7.0% in the preintervention period to 3.4% in the intervention period ( *p*  = 0.003. relative risk = 0.48. 95% confidence interval \[CI\]: 0.3--0.76). Number needed to treat was 27.8 or 28 nulliparous women delivering vaginally. The rate of OASIS over time in the overall study group is shown in [Fig. 1](#FI180050-1){ref-type="fig"} . Rates of OASIS in subgroups of the study population are shown in [Table 3](#TB180050-3){ref-type="table"} .

###### Incidence of OASIS in subgroups of nulliparous women delivering vaginally in preintervention and intervention periods, Herning Regional Hospital, Denmark

  Subgroups                  Preintervention   Intervention   *p* -Value [a](#FN180050-5){ref-type="table-fn"}   RR, 95% CI                                                             
  -------------------------- ----------------- -------------- -------------------------------------------------- ------------ ---- ------ --------------------------------------------- ------------------
  Incidence of OASIS         355               25             7.0                                                1,622        55   3.4    0.003 [a](#FN180050-5){ref-type="table-fn"}   0.48, 0.30--0.76
  Age at birth (y)                                                                                                                                                                      
   17--24                    92                8              8.7                                                376          5    1.3    0.001 [a](#FN180050-5){ref-type="table-fn"}   0.15, 0.05--0.46
   25--29                    166               9              5.4                                                763          32   4.2    0.48                                          0.77, 0.38--1.59
   30--42                    97                8              8.2                                                483          18   3.7    0.07                                          0.45, 0.20--1.01
  Gestational age (wk + d)                                                                                                                                                              
   26 + 1--37 + 6            25                2              8.0                                                173          2    1.2    0.09                                          0.14, 0.02--0.98
   38 + 0--39 + 6            113               3              2.7                                                520          14   2.7    0.97                                          1.01, 0.30--3.47
   40 + 0--40 + 6            119               13             10.9                                               505          19   3.8    0.004 [a](#FN180050-5){ref-type="table-fn"}   0.34, 0.18--0.68
   41 + 0--42 + 4            97                6              6.2                                                423          20   4.7    0.55                                          0.76, 0.32--1.85
   Unknown                   1                 1              100                                                1            0    0      --                                            
  Birth weight (g)                                                                                                                                                                      
   860--2,999                53                2              3.8                                                297          7    2.4    0.55                                          0.62, 0.13--2.93
   3,000--3,499              138               2              1.4                                                590          10   1.7    0.90                                          1.17, 0.26--5.28
   3,500--3,999              121               12             9.9                                                550          19   3.5    0.006 [a](#FN180050-5){ref-type="table-fn"}   0.35, 0.17--0.70
   4,000--5,040              43                9              20.9                                               185          12   6.5    0.008 [a](#FN180050-5){ref-type="table-fn"}   0.31, 0.14--0.69
  Episiotomy                                                                                                                                                                            
   -- Episiotomy             321               20             6.2                                                1,486        46   3.1    0.01 [a](#FN180050-5){ref-type="table-fn"}    0.50, 0.30--0.83
   + Episiotomy              34                5              14.7                                               136          9    6.6    0.16                                          0.45, 0.16--1.26
  Mode of delivery                                                                                                                                                                      
   SVD                       288               17             5.9                                                1,362        33   2.4    0.004 [a](#FN180050-5){ref-type="table-fn"}   0.41, 0.23--0.73
   OVD                       67                8              11.9                                               260          22   8.5    0.39                                          0.71, 0.33--1.52
   SVD without episiotomy    267               15             5.6                                                1,270        29   2.3    0.007 [a](#FN180050-5){ref-type="table-fn"}   0.41, 0.22--0.75
   SVD with episiotomy       21                2              9.5                                                92           4    4.3    0.39                                          0.46, 0.09--2.33
   OVD without episiotomy    54                5              9.3                                                216          17   7.9    0.72                                          0.85, 0.33--2.20
   OVD with episiotomy       13                3              23.1                                               44           5    11.4   0.33                                          0.49, 0.14--1.79

Abbreviations: CI, confidence interval; OVD, operative vaginal delivery; RR, relative risk; SVD, spontaneous vaginal delivery.

*Note* : Age at birth: range 17 to 42 years; gestational age: range 26 + 1 to 42 + 4 weeks and days; birth weight: range 860 to 5,040 g.

*p* -Value \< 0.05 is considered statistically significant.

![Rate of OASIS per month in nulliparous women with a vaginal delivery before and after the start of the intervention. P-chart. Horizontal line showing the extended baseline from the preintervention period. Vertical line showing the start of the intervention period, Herning Regional Hospital, Denmark. OASIS, obstetric anal sphincter injury.](10-1055-s-0038-1675352-i180050-1){#FI180050-1}

The OASIS incidence did not increase in any of the subgroups. In the following subgroups, the incidence decreased significantly: women younger than 25 years, women delivering during the first week after term, women delivering infants of 3,500 g or more, women not having an episiotomy, women with spontaneous vaginal delivery, and the group with spontaneous vaginal delivery without an episiotomy. The incidence of OASIS in operative vaginal deliveries changed from 11.9 to 8.5% ( *p*  = 0.39). All operative vaginal deliveries were by vacuum extraction. We found one grade 4 sphincter rupture in the preintervention period and three in the intervention period. The incidences were 0.28 and 0.18%, respectively, which was not statistically different.

When analyzing the individual elements of the bundle of care, the lowest incidence of OASIS was 2.3% and was found in the group of women where a certified midwife used hand on the infant\'s head. The association of the single elements of the process indicators was analyzed further with a logistic regression analysis. After stepwise removal of nonsignificant elements from the regression analysis, only hand on head remained significant. The OR of OASIS with hand on head was 0.28 with 95% CI of 0.14 to 0.58 corresponding with a risk reduction of 72%. OR and 95% CI for each element: hand on the head 0.28; 0.14 to 0.58, certification 0.71; 0.41 to 1.25, visible perineum 0.85; 0.31 to 2.76, perineal support 1.1; 0.51 to 2.52, and settled communication 1.4; 0.51 to 4.84. The OR and CI for each of the individual elements for perineal protection are shown in [Fig. 2](#FI180050-2){ref-type="fig"} .

![Association of individual elements for perineal protection on the risk of obstetric anal sphincter injuries (odds ratios and 95% CIs). Regression analysis with stepwise removal of nonsignificant elements. Herning Regional Hospital, Denmark. CIs, confidence intervals; OASIS, obstetric anal sphincter injury.](10-1055-s-0038-1675352-i180050-2){#FI180050-2}

Discussion
==========

We successfully halved the incidence of OASIS in nulliparous women with vaginal delivery after implementing four elements of a hands-on technique and a certification process for all midwives and doctors. This reduction is in concord with other results after implementation of a perineal protection training program. [@JR180050-7] [@JR180050-8] [@JR180050-9] [@JR180050-10] [@JR180050-11] Analysis of the elements in different combinations showed that hand on the head by a certified midwife was associated with the lowest incidence of OASIS. Hand on the head of the child resulted in a significant reduction in the risk of OASIS. The rates of cesarean birth and episiotomy were unchanged.

The main strength of this study is that it consisted of a prospective implementation of a standardized intervention in a quality improvement framework. Standardizing the intervention through the certification process may in itself contribute to the benefit of that intervention. [@JR180050-20] Using a quality improvement methodology provides control of the process since the use of each element is documented.

The strength of statistical association in the present study is of a clinically important size. The association was seen in different subgroups going in the same direction. We found a relevant temporality of the intervention and outcome relationship. A significant change in the outcome appeared after 3 months and has persisted since then. Presumably, the speed of delivery of the child and a calm approach to vaginal delivery is important for the risk of OASIS. [@JR180050-21] This factor is addressed by the intervention. Prior to the present project, several initiatives were performed to address the relatively high incidence of OASIS in our department. A possible Hawthorne effect would likely have shown during that period. Thus, the Bradford Hill criteria support an assumption about a causal relationship between the intervention and the outcome. [@JR180050-22]

One limitation to the study is that we used a historical cohort for comparison. The only deliberate change that took place during the study came from the intervention, and the cohort characteristics did not change between preintervention and intervention periods ( [Table 2](#TB180050-2){ref-type="table"} ). Still, this represents a potential bias, since other differences in the study group may have evolved during the study time, and residual confounding cannot be excluded.

The diagnosis of OASIS is a well-known clinical challenge. [@JR180050-23] During the entire project, we had a focus on how to diagnose a sphincter rupture for both midwives and doctors. We find it unlikely that the rate of missed diagnoses went up during the intervention period.

The number of women in the study is limited due to the prospective, interventional design. Thus, a type-2 error may be present and may explain the lack of other statistically significant associations between different elements of the intervention and the outcome.

Overreporting of the use of the different elements of the bundle of care may have biased the results. Especially in cases with OASIS, the care provider may feel a pressure to report adherence to all the elements. This recall bias will tend to reduce the association between the different elements and the outcome.

We noticed a high adherence to several of the process indicators from the start of the intervention period. In a before and after study, premature implementation of an intervention will tend to reduce the power.

An apparent limitation to the study is that the all-or-none adherence to the five elements of the intervention leveled out around 80%. Feedback from the midwives and doctors revealed that there were several reasons for this: fast deliveries with not enough time for communication about the proposed intervention, and deliveries where the woman opted for a water birth or other "alternative" birth positions. Also, midwife students and newly employed had to be certified during actual deliveries and therefore were not certified in their first deliveries. Thus, while reducing the association between the intervention and the outcome, at the same time, it strengthens the external validity of our findings, since these situations are part of daily life at a labor ward.

An RCT may also suffer from limitations to providing useful data for recommendation of an intervention. [@JR180050-24] The difficulty with blinding the intervention poses a possible bias in nonpharmacologic RCTs. [@JR180050-25] Furthermore, personal preferences by the birth attendant or the woman and clinical circumstances may present obstacles to implementing a specific intervention. A lack of difference in the interventions between the two arms in an RCT will reduce or eliminate the power to prove a difference. Irrespective of the design and the specific intervention, documenting the use of the elements of the intervention will strengthen the evidence.

Applying a quality improvement framework using a specified and standardized care bundle provided a generalizable intervention. The risk of OASIS proved to be modifiable without increasing the rate of cesarean birth or episiotomy. Hand on the head of the child resulted in a significant reduction in the risk of OASIS. This may be applicable also in alternative birth positions and in fast deliveries.
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